Introduction
Dyes are one of the most dangerous chemical compounds of which are found in industrial effluents [1] . Dyes are used in textile industry, tannery, paper, plastic and the other industries widely [2] [3] [4] .
They are divided to Reactive, Direct, Acidic, Disperse and Cationic on their application. Azo Reactive dyes are the largest group of industrial dyes having large variety on type and structure. These dyes are normally resistant to aerobic biodegradation and do not remove by usual biological treatment processes [5] . Dye decreases Sunlight penetration into water resources, so it prevents photosynthesis of aquatic plants [1, 3, 6, 7] . Allergies, Dermatitis, Skin irritation, cancers are consequences of dye in water [1, 8, 9] . So colored wastewaters should be purified before discharging to environment [7] . Several methods have developed for removal of these compounds from colored wastewaters for instance biological treatment, coagulation and flocculation, treatment by ozone, chemical oxidation, membrane filtration, Ion Exchange, photocatalytic decomposition and adsorption [6, 10, 11] .
Adsorption process moves dyes from aqueous phase to solid phase, As a result adsorbent can reproduce or stand on dry place without exposure to environment [1] . Ever usual adsorbents for example activated carbon, zeolite, clay, Industrial byproducts, agricultural runoff, biomass and polymer materials are studied in various studies. These adsorbents have low absorption capacity and their filtration is difficult [6, 10] . Discovery of Carbon Nanotubes (CNTs) by Ijima in 1991, attracted much attention of researchers [12] . Carbon Nanotubes divided to Single Walled Carbon Nanotubes and Multi Walled Carbon Nanotubes [6, 13] . CNTs are new adsorbents for removal of organic and Inorganic pollutants from water, because they have great specific surface, small size and layered structure [6] . They also have unique specific structure, mechanical and electrical properties [14, 15] . But their specific surface is less than activated carbons [9] . Structural properties for example carbon nanotubes pore diameter and porosity can determine absorption rate. They are promising absorbents due to their benefits toward other materials for instance activated carbon. Some benefits like high adsorption capacity, fast balance time and reproduce are more effective [16] . Anyway retrieval of this adsorbent normally needs to complex and time consuming filtration or centrifusion. In this regard, researchers emphasize on composition of nanotube with magnetic oxides to make a new adsorbent which provides new opportunities for achieve to favorable adsorption capacity and effective separation with high efficiency [10] . Madrakian and his associates used magnetic multi walled carbon nanotubes for removal of cationic dyes from aqueous solutions. Result of their study showed application of this method for removal of cationic dyes was effective and had high efficiency and it can be regarded as an effective method [7] . The aim of this study was the evaluation of Acid violet 17 dye adsorption rates from aqueous solutions by Multi Walled Carbon Nanotubes (MWCNTs).
Material & Methods
Acid Violet 17 dye was produced at Dye Star Company. Its Structure is presented in figure 3 [17, 18] . This study is an experimental study in batch reactor. MWCNT was from Iran Research Institute of Petroleum Industry. SEM was used for study of functional groups position on surface of nanotubes. Size and structure of MWCNTs was evaluated by TEM and nanotubes specific surface was evaluated by BET isotherm. For this purpose, presented data by Research Institute of Petroleum Industry was used. SEM and TEM of MWCNTs are showed in Fig. 1 and 2. The outer diameter of MWCNTs is 10-30 nanometers, the internal diameter 3.8 nanometers, Length 10 micrometers and specific surface 270 m 2 /g with purity of 95%. In this study, AV17 for sample preparation was used. In order to removal of nanotubes from solution, 0.2 micron Acetate Cellulose filters produced by Sartorius Corporation was used. For this study, first 100 mg/l AV17 dye solution was provided then was used to provide AV17 samples with specified concentration.
Different parameters including initial concentration of AV17, pH, adsorbent dose and contact time were studied. NaOH and HCl 0.1 N for pH adjustment and 150 ml Glass bottles for experiments were used. Glass bottles which contain various doses 0.4, 0.6 and 0.8 gr adsorbent and 100 ml AV17 dye solution with different concentrations 25, 50, 75 and 100 mg/l were set on shaker in 7 contact time periods from 15 to 180 minutes. Mixture was done in 140 rpm intensity. At the end of each step, 0.2 micron Acetate Cellulose filters were used for separation of nanotubes from solution. AV17 dye concentration in Standard and unknown samples was measured by spectrophotometer UV/Visible model SP-3000 Puls-Japan in 587 nm wavelength [19, 20] . Experiments were repeated 2 times and presented results have expressed data means. AV17 dye adsorption rate calculated in formula 1.
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C0 and Ce respectively is AV17 dye initial and final concentration (mg/l), M is MWCNTs dose (g) and V is volume of solution (L). In order to determination of isotherm models, various adsorbent doses were added to dye solutions with 25 mg/l concentration. In this moment, pH of samples was 4. Solution samples were shaken in 140 rpm for 24 hours. Then the remaining dye concentrations were measured by spectrophotometric method. Adsorption isotherms are equations to description of adsorb equilibrium state between solid and fluid phase. In this study, adsorption equilibrium experimental data were surveyed according to 
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In this equation, Ce is adsorbed equilibrium concentration in solution after adsorption (mg/l), qe is adsorption capacity in equilibrium time (mg/g), and Kf and n are Freundlich constants [21] . In order to data analysis, data mean and Correlation test were done. Basically in adsorption process, optimal time for pollutant removal and achievement to standard amount is highly important. Optimal time is named because in which pollutant is removed favorably. If reaction time lasts more than it, process will not be economical in application and also pollutant removal efficiency will be low. In present study, dye removal efficiency in four concentrations 25, 50, 75 and 100 mg/L was studied in various contact times from 15 to 180 minutes.
Results
Results of this study showed that AV17 dye removal efficiency from aqueous solutions was depended on variable parameters like adsorbent dose, contact time, dye initial concentration and pH. MWCNTs dose is an important variable because it determines dye removal amount. Curves of dye concentration changes toward contact time and adsorbent doses by different initial concentration of dye and different adsorbent doses was illustrated in Fig. 4 and 5. These were showed significant amount of dye was removed by 0.4 g/l MWCNTs dose. Since 0.4 g/l dose Compared to 0.6 and 0.8 g/l is the most economical, 0.4 g/l dose was considered as optimal dose. Results of this item showed dye removal efficiency decreased with increasing in dye initial concentration and qe increased with increasing in dye initial concentration (Fig 6, 7) . Removal efficiencies for concentrations 25 and 100 mg/l were respectively achieved 83.4% and 42.4% in 180 minutes contact time. Figure 8 indicated pH effect on dye removal rate. This figure illustrates pH 4 is the most effective pH of all ranges of pH (4, 7 and 11) in dye removal. Increasing pH from 4 to 11 causes reduction from 83.4% to 0% in removal efficiency. Relation between adsorption rate and adsorbent dose was showed in Fig. 9 . In order to determination of dye removal velocity and reaction degree, pseudo-first order and pseudo-second order kinetics models were drawn. Result was showed that AV17 dye removal kinetics by adsorption process is a pseudosecond order reaction (R 2 =0.982) (Fig. 10 ) is indicative for removal velocity constant. According to results of isotherm equations which was showed in Fig. 11 , AV17 adsorption isotherm onto MWCNTs followed Freundlich isotherm (R 2 = 0.916). Consequently it can be told that optimal time for applicable cases was 60 minutes. Equilibrium time is named to which pollutant removal with time spending would be less than 5 to 10% of removal amount in initial times. In present study, equilibrium time for adsorption process was 180 minutes because after this time, adsorption rate was so little [22] .
Discussion and Conclusion
Adsorption increase by adsorbent dose can be due to increasing in adsorbent area and more achievement to adsorption sites [23] . In Machado and his assistants study about M-2BE reactive red dye adsorption from aqueous solutions by multi walled carbon nanotubes in 2011, similar results were achieved. In their study due to increase in adsorbent dose, dye removal efficiency increased and qe decreased [1] .
Moussavi
Dye removal efficiency was decreasing by increasing in dye initial concentration. qe increased when dye initial concentration had increased. Su and Lu in 2007 surveyed natural organic matter (NOM) adsorption onto carbon nanotubes. In this study adsorbed NOM onto carbon nanotubes increased with increasing in NOM initial concentration and solution ionic strength decreased with increasing in solution pH [24] . As results show while pH increased, process efficiency considerably decreased. Reason of efficiency reduction by pH increasing can be known ionization between adsorbent and adsorb what was caused repulsive force and adsorption efficiency reduction. Oxygen functional groups on nanotubes surfaces have important role which cause link increasing between OH -groups on nanotube surfaces in pH more than 4 and give it negative load. This phenomenon decreased dye removal efficiency in pH more than 4. Results of present study corresponds with study of Lu and Su in 2007 evaluating NOM adsorption by carbon nanotubes [24] .
Moussavi and his assistants in 2013 removed Humic Acid by Single-Walled carbon nanotubes. Their study results showed that data followed pseudo-second order reaction. Their study results correspond with present study results [25] . Ai and his assistants studied about removal of methylene blue from aqueous solution with magnetite loaded multi-wall carbon nanotube. Results of their study showed that adsorption process followed Freundlich isotherm (R 2 =0.868) [10] . Results of present study corresponded to results of their study in 2011. Optimal time for applicable cases was 60 minutes. Equilibrium time for adsorption process was 180 minutes. Results of present study corresponds with achieving results of Yao and his assistants on methyl orange adsorption onto multi walled carbon nanotubes in 2011. In study of Yao and his assistants, removal optimal time was 60 minutes and adsorption equilibrium time was 180 minutes [12] .
With increasing in adsorbent dose, efficiency increased and qe decreased. With increasing in initial dye concentration, dye removal efficiency decreased and qe increased. With increasing in contact time from 15 to 180 minutes, efficiency increased. Maximum adsorption occurred at first 60 minutes, so 60 minutes was considered as adsorption optimal time. Adsorption process achieved to equilibrium in 180 minutes. After this time, adsorption was so low. Results also show that with decreasing pH from 11 to 4, efficiency increased. Maximum removal efficiency was occurred at acidic condition (pH=4), due to that pH 4 was considered as optimal pH. Process kinetic was described with pseudo-second order equation. Adsorption isotherm followed to Freundlich model. This study showed MWCNTs can be effective in removal of AV17 dye due to small size, large section area, crystal form, unique network arrangement, extremely high reactivity and notable performance as adsorbent in removal of organic pollutants from aqueous solutions.
